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@ Acrylic polymer compaosition for bonding metal powders.

@ An acrylic polymer used has a wt average moiecular wt
of 6 - 160 x 10* and is formed from alkyl (meth)-acrylate of
average 3-12C in the alkyl moiety, optionally copolymerized
with 0.5 to 20 wi% of 8 monomer having a functional group
{e.g. a mono- or diolefin carboxylic acid); the polymer may
be mixed with 0.2 to 50 wt% of an adhesion-imparting resin
{e.g. a phenolic resin); this component must have a glass
transition temperature of —~70 to —10°C and an elastic
modulus of 0.05 to 50 kg/cm? at 25°C. The polymer may be
formed by reaction in solvent for the composition.

100 parts by wt of a metal powder, e.g. an iron alloy, e.g.
multi-component eutectic alloy, are mixed with up to 7 parts
of the polymer component, dissolved in an organic solvent,
and the composition is formed into a sheet 0.5 to 5 mm thick
or shaped article which is flexible without the inclusion of

~ any plasticiser and can be sintered. A sheet thereof can be

used as a protective covering on a meta! substrate.

Croydon Printing Company Ltd.
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ACRYLIC POLYMER COMPOSITION FOR BONDING METAL POWDERS

The present invention relates to a composition
for bonding metzl powders which is used to obtain molded
metal powder sheets for shaped articles. More particularly,
it relates to such composition which tan be used in a small amount
based on the metzl powder and can form flexible metal powder
moldings which zare capzble of tolerating deformation and
which moldings can be converted by sintering into a metal

layer having a high density.

In order to give special properties, such as wear
resistance or corrosion resistance, to the surface of a
metal substrate or base material, it is well knouwn to form
on the surface of the material a metal layer having these

properties.

Customarily, the metal coating is formed as a
layer on the base material by applying a mixture of a metal
powder, a binder, a plasticizer and a solvent to the metal
base material and after evaporation of the solvent sintering
the assembly, whereby the sintered flexible metal coating
layer 1is metallurgically bonaed to the base material.
Less wusually a metal sheet is prepared by sintering the
same metal powder molding mixture as described above, and
the sheet is bonded to the metal base material by a physical
means such as screws or an adhesive, to form the métal

covering.
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In either case, it is necessary that the metal
powder molding has good flexibility so that it can be trans-
formed so as to fit on or against a curved surface face
of a base material without suffering serious defects such
as generation of crackss and this kind of mefal pouder
molding must also have sufficient strength for it to be
handled. Moreover, the metal powder molding must be able
to form a coating layer having a high density uithouf suf-

fering contraction or cavities during sintering.

For this kind of molding, compositions camprising
resin binders such as polyvinyl ether or methyl cellulaose
as a main component, to which a volatile plasticizer such
as dibutyl phthalate, glycerine or wax, is added to improve

the flexibility of the moldings, have been described in,

for example, published unexamined Japanese Patent Applications

(OPI) Nos. 91910/74 and 35703/81 and Japanese Patent Publi-
cation No. 21167/70. However, such plasticizers rapidly
volatilize in the sintering process, because they have
generally a low boiling point as compared with the main
compgonent. Therefore, the generate gas in an early stage
of the sintering process and this may cause numercus open-
ings on the coating layer after sintering. Accordingly,
it is necessary to keep the rate of increase

in temperature during sintering as slow as possible.
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Moreover, the use of plasticizers reduces the
strength of the moldings formed, tends to form cracks
during handlinc, and makes it difficult to obtain
a layer which after sintering has a high density

Accordingly, one object of the present invention
is tc provide z composition for bonding metal powders
which is usable to obtain metzl powder moldings useful
for being metzllurgically. or physically bonded to
a metal base mzterial, and which .can have good flex-
ibility and good strength or .elongation and can form
a metal layer having a high density after sintering,
without using plasticizers and, consequently, without
the above described problems.

The composition for bonding metal powders accord-
ing to the pr=sent invention is wused in an amount
of at most abcut 7 parts by weight as the solids
content based or 100 parts by weight of a metal powder
for obtaining = flexible metal powder molding which
is capable of tolerating deformation at a radius
of curvature of up to 15 millimetres; and the com-
position comprises as main component an acrylic
polymer having a weight average molecular weight
of about 50,0C3 to 1,500,000 which comprisies an alkyl
(meth)acrylate monomer having an average numﬁér of

carbon atoms of 3 to 12 in the alkyl moiety, option-
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ally admixed with a resin which gives adhesive
property to said polymer =~ this main component
having a glass transition temperature in a range
of -70 to -10°C and an elastic modulus in the range
of 0.05 to 50 kg/cm? at a temperature of 25°C.

The main component composition, namely the spec-
ific acrylic polymer or a mixture thereof and an
adhesion-imparting resin, makes it possible to pro-
duce a metal molding having excellent flexibility
which is deformable so as to fit well on a surface
of a metal base material having a radius of curv-
ature of uprto 15 mm without cracking, or which is
formable separately from the base material, into
a suitable curved shape having the same radius of
curvature as up to 15 mm, even if the solid content
of the composition to the metal powder is as lou
as 7 parts/100 as described above, in substantial
absence of a plasticizer.

Further, this metal powder molding has excellent
strength and elongation characteristics and forms
a layer having a high density after sintering, be-
cause the amount of the composition used is small
and plasticizer is not used. Therefore, the metal
powder molding has excellent performance as a coating
layer on the surface of the metal base material.

The acrylic polymer used in the present invention
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is one which is prepared by polymerizing or copoly-
merizing one or more alkyl (meth)acrylates having
an average carbon atom number of 3 to 12 in the alkyl
moiety as sole or main monomers.

This polymer reduces the amount of gas generated
when sintered by heat treatment at high temperature,
thereby preventing consequent generation of swelling,
in tne metal layer. If the average carbon atom number
in the alkyl moiety is below 3 or beyond 12 there
are problems in that the adhesion bonding property
becomes poor and flexibility is lacking.

Examples of the main monomers are esters of
acrylic acid or methacrylic acid wherein the alkyl
group of aliphatié alcohols is a methyl, ethyl, butyl,
isobutyl,  hexyl, heptyl, octyl, isooctyl or
2-ethylhexyl group.

" The acrylic polymer may be a copolymer with
a polymerizable monomer having a functional group
in the molecule and which improves adhesive strength
of the composition at room temperature. The amount
of any copolymerizable monomer used is about 80 to
89.5% by weicht, preferably 90 to 98% by weight,
6f=the main monomer and about
20 to 0.5 by weight, preferably 10 to 2% by weight,
based on the weight of the monomer, so that polymers

having flexibility and a tensile strength of about
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350 to 2,000 g/20 mm {drawing rate: 300 mm/minute,
at 20°C and 50% relative humidity are obtained.
If the amount of the comonomer is small, the above-
descrited effects are poor; if its amount 1is too
large, there is the possibility of generating swell-
ing in the metal layer after sintering.

Examples of such polymerizable monomers include
eX-mono- or diolefin carboxylic acids such as (meth)
acrylic acid, crotonic acid, maleic acid, itacanic
acid, phenolic acid or fumaric acid, which have a
carboxyl group as the functional group; 2-hydroxy-
ethyl methacrylate, 2-hydroxypropyl (meth)acrylate,
1-methyl-2-hydroxyethyl (meth)acrylate or 2-hydroxy-
vinyl ether, which have a hydroxyl group as the func-
tional group; glycidyl (meth)acrylate which has an
epoxy croup as the functional group; N-methylol (meth)
acrylamide which has a methylol group as the function-
al grcup; and N,N-dimethylaminocethyl (meth)acrylate,
N-tertiary butylaminoethyl (meth)acrylate or N-tert-
iary Etutylaminobutyl (meth)acrylate, which have an
amino group as the functional group. 0f these,
A-monc- or dioclefin carboxylic acids are particularly
preferred in that they form a complex with the metal
powder and the resultant mixture can form a flexible
sheet having a tensile strength of about 700 to 2,000

¢/20 rm.
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The &acrylic polymer must have e wuweight average
molecular weight of 950,000 to 1,500,000, preferably 300,000
to 1,200,000. If the weight average molecular weight 1is
less than about 50,000, its .Ponding force to metal powder
is inadequate, causing deterioration of strength of the
moldings or making it difficult to obtain high density
after sintering. If the weight average molecular weight
is more than about 1,500,000, working properties in obtain-
ing the molding is poor.

The above described acrylic polymer is used alone
or together with a resin which gives adhesive property,
mainly by improvement of adhesive force of the molding
at room temperature. The amount of the resin is preferably
50 to 99.8% by weight of the acrylic
polymer and 50 to 0.2% by weight of the resin. If the
amount of the resin is too small, the above-described effect
cannot be obtained, and if the amount 1is too large, the
above-described characteristics of the acrylic polymer
are damaged.

Examples of such resins which give adhesive property
are an alkylphenol resin, coumarone-indene resin, poly-
terpene resin, ro0sin resin, petroleum resin, polyvinyl
ether, terpene phenol resin, xylene resin, epoxy resin,
polyester resin, polyimide or polyamide.

The main component (acrylic polymer alone or uwith
resin which give adhesive property) must have a glass trans-
ition temperature in said range of -70 to -10°C, preferably
-65 to -30°C. AR polymer main component having a glass
transition temperature of less than about -70°C is not
readily econbmically available and has a problem that suffi-
cient strength cannot be obtained because it is too soft.
On the other hand, if this glass transition temperature
is highér than about -10°C a flexible molding which is
capable of tolerating deformation at a radius of curvature
of about 15 mm cannot be obfained.

Said main component in the composition must also

have an elastic modulus in a range of 0.05 to 50 kg/cm?,
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at 25°C., If the elastic modulus is below about 0.05 kg/cm?,
the maolding easily suffers defects such as cracks when
it is handled or transformed due to the lack of strength
or elongation (10 to 180%) and, conseguently, a metal layer
having high density cannot be obtained by sintering, because
a large amount of the composition must be used for molding.
O0n the other hand, if the elastic modulus is above about
50 kg/cm?, it becomes difficult to ebtazin a flexible molding
which is capable of tolerating said deformation.

The term M"elastic modulus" means the value of the
tangent modulus when a sample is drawn at a chuck distance
of 50 mm at a rate of 300 mm/minute at a measuring tempera-

ture of 25°9C. The calculation formula thereof is as follouws
Flastic modulus = F/S

wherein F: Force at a point of intersection of the point
at which the sample is stretched by 100% and the
tangent line (kg/cm?); and

S: Sectional area of the sample.

If desired, the composition may alsoc contain various
additives such as an xylene resin, paraffin wax, process
oil or abietyl alcohol as softening agents; or calcium
carponate, silica or talc as fillers. Further, if desired,
anionic, cationic or nonionic surfactants can be added
as a stabilizer during the passage of time, in an amount
of about 0.01 to 5 parts by weight per 100 parts by weight
of the main component; the addition of surfactant effec-
tively prevents softening of a molding during passage of
time.

A process of obtaining a metal powder molding in
the form of a sheet or a shaped article using the composi-
tion for bonding metal powders according to the present
invention is now described.

The process comprises preparing a solution of the
above-described composition with a suitable organic solvent
(such as acetone, toluene or methyl ethyl ketone), adding

the metal powder to the solution in such amount that the
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solids content of the composition is at most about 7 parts
by weight, preferably 1.0 to 5.5 parts by weight, per 100
parts by weight of the metal powder, kneading the mixture,
casting the mixture into a mold covered with a releasing
paper, evaporating the solvent, and then molding to a sheet
or other shape by passing through rolls. Press molding
may be carried out by mixing without using the solvent
if desired and necessary, with heating or in vacuum with
heating.

In this process, if the solids content of the com-
position of the present invention were larger than about
7 parts per 100 parts by weight of the metal pouwder, it
would be difficult to obtain a metal layer having a high
density after sintering, and pollution of the sintering
furnace would occur by the resin components gasified during
sintering processing.

The metal powder used can be of various kinds
depending upon the properties to be given to the surface
of the metal base material, such as self-melting alloy
powder or wear-resisting alloy powder. Examples of wear-
resisting alloy powders are multi-component eutectic alloy
powders of composition Fe-M-C wherein M includes at 1least
one of Mo, B and P as a major component and may contain
Cr, V, W, Nb, Ta and Ti as secondary elements; it may further
contain Si, Ni, Mn, etc. as other elements. Such multi-
component eutectic alloy powders have characteristics that
the sintering temperature is comparatively low, the liquid
phase is about 10 to 50% by weight in a temperature'range
of 1,000 to 1,150°C and the liquid phase has a good wetting
praoperty for the base material.

These alloy powders preferably have a particle
size of 150 Tyler mesh* or less; the particle size greatly
affects the porosity after sintering. If the particle
size 1s larger than the above-described value, it becomes
difficult to form an alloy layer having a high density.

A metal powder molding formed by the above-described

process is shaped into a sheet material having
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2 thickness of J,.05-10 mm, prefsrébly 0.3-5 mm, which shows a good flexi-

bility which iscapable of tolerating deformation at a radius
of curvature of up to about 15 mm and has excellent strength
and elongation.

To use this molding material, it can be adhered

to the surface of a metal base material with or without

using a suitable adhesive layer so as to fit it on the ™~

surface by deformation and, thereafter, the assembly is
sub jected to sintering processing under a suitable tempera-
ture condition according to the kind of metal powder.
Alternatively, after the molding 1s transformed appropri-
ately by processing and is subjected to sintering processing
in the same manner as described above, the sintered product
i1s mechanically bonded to the surface of the metal base
material. Sintering processing 1is generally carried out
with heating under a non-oxidizing atmosphere in order
to prevent deterioration of the metal powder caused by
oxidation.

The formed metal layer after sintering has a high
density due to the use of the composition of the present
invention, and inherent performances such as prevention
of wear or corrosion, etc. of the surface of th metal base
material can be well exhibited.

The metal powder moldings using the compositiaon
for bonding metal powders of the present invention can
be applied as a surface modifying layer of the base material
for tools, machines, electric elements and automobiles,
while wutilizing the above-described characteristics, and
can be abplied as raw .materlials for rods or pipes having
a desired shape, sheets or shaped articles. Furthermore,
the metal powder moldings can be utilized in an unsintered
form as barrier materials, such as a material for shielding
electromagnetic wave while utilizing characteristics thereof,
such as tensile strength, elongation or flexibility.

The present inventon is described in greater detail

by reference to the following non-limiting examples, wherein
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parts are by weight.
EXAMPLE 1
2-Ethylhexyl acrylate 82 parts
Ethyl acrylate 5 parts
Acrylic acid 3 parts
Toluene 150 parts
Benzoyl peroxide 0.3 part

The above-described components were fed 1into a
treactor. The resultant mixture was subjected to polymeri-
zation reaction at B65°C for 9 hours to obtsin a solution
containing an acrylic copolymer having a weight average
molecular weight of 600,000. This solution was used as
the composition for bonding metsl powders of the present
invention. The acrylic copolymer in the composition had
a glass transition temperature of -864°C and an elastic
modulus of 0.6 kg/cm? at 25°C.

Then, 3 parts of the above-described composition
were added to 100. parts of an iron alloy powdér passing
through a 250 mesh Tyler screen . The resulting mixture uwas
kneaded by a wet process using acetone as a solvent and
rolled using rolls to produce an alloy powder sheet having
a thickness of 1.2 mm and a density of 4.8 g/cm® which
was flexible and had a tensile strength of 1,100 g/20

mm.,

EXAMBLE 2
Butyl acrylate 88 parts
Hydroxyethyl acrylate 2 parts
Ethyl acetate 100 parts
Benzyl peroxide 0.2 part

The above-described components were fed into a
reactor. The mixture. was subjected to polymerization
reaction at 70°C for 9 hours to obtain a solution contain-
ing an acrylic copolymer having a weight average molecular
weight of 45,000. To this solution, a phenol resin which
gives adhesive property was added in an amount of 30 parts

per 100 parts of the acrylic.copolymer. The main component
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composed of the above-described acrylic copolymer and the
resin which gave adhesive property had a glass transition
temperature of -559C and an elastic modulus of 0.4 kg/cm?
at 25°C.

Then, 4 parts of the above-described composition
wvere blended with 100 parts of an iron alloy powder passing
through 2 150 mesh screen, and the same procedure as 1in
Example 7 was carried out to produce an alloy powder sheet
having & thickness of 1.5 mm and a density of 4.5 g/cm3
which was flexible and had a tensile strength of 450 g/20

mm.

EXAMPLE 3
Isooctyl acrylate 60 parts
Isabutyl acrylate 38 parts
Glycidyl methacrylate 1 part
Toluene 120 parts
Eenzoyl peroxide 0.2 part

The above-described components were fed into a
reactor. The mixture was subjected to polymerization reac-
tion at 75°C for 8 hours to obtain a solution containing
an acrylic copolymer having a weight average molecular
weicht of 600,000. This solution was used as the composi-
tion for bonding metal powders of the present invention.
The acrylic copolymer in the composition had a glass transi-
tion temperature of -53°C and an elastic modulus of 2.0
kg/cm? at 25°C.

Then, 2 parts of the composition were blended with
100 parts of an iron alloy powder passing through a 350
mesh screen, and the same procedure as in Example 1 was
carried cut to obtain an alloy powder sheet having a thick-
ness of C.8 mm and a density of 4.4 g/cm® which was flex-
ible and had a tensile strength of 600 g/20 mm.

In orcer to examine performances of alloy pouwder
sheets cotained in examples 1 to 3, each sheet was cut
intc a size of Tem x 5 cm, and the following tests (1)

and (2) were carried out.
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(1) A cut sheet was wound on a steel pipe having a radius
of 20 mm, and changes of the surface of the sheef were
examined.

(2) After a cut sheet was wound on the same steel pipe
as in (1) above, it was subjected to sintering processing
and the state of the surface ard density of the sheet after
sintering were examined.

As a result of these tests, generation of cracks
and swellings were not observed in the sheets of Examples
1 to 3 in both tests (1) and (2). In addition, it was
found that, in each sheet of Examples 1 to 3, an alloy
layer having a high density of 7.2 or more could be formed
by carrying out the sintering processing of the test (2).
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CLAIMS

1. A composition for bonding metal powder which
is used in an amount of at most 7 parts by weight
as solids content per 100 parts by weight of a metal
powder sc as to obtain a flexible metal powder molding
which is capable of tolerating deformation at a radius
of curvature of up to 15 mm, the composition comprising
(a) an acrylic polymer having a weight average
molecular weight of 50,000 to 1,500,000 which comprises
an alkyl acrylate or methacrylate having an average
carbon atom number of 3 to 12 in the alkyl moiety,

or (b) a mixture of said polymer and a resin which

gives adhesive property to said polymer, said poiymer or mixture hav-

ing a glass transition temperature in the range of -70
to -10°C and an elastic modulus in the range of 0.05
to 50 kg/cmxzat a temperature of 25°C.

2. A composition as claimed in Claim 1, wherein
said acrylic polymer comprises by weight 80 to 89.5%
of said zlkyl (meth)acrylate and 20 tec 0.5% of a poly-
merizable monomer having a functional group in the
mclecule.

3. A composition as claimed in Claim 2, wherein
the polyme:iéable monomer having a functional group
in the molecﬁie is an o-mono- or diglefin carboxylic

acid.
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4, A composition as claimed in Claim 1, 2 or 3, which
contains as said mixture (b) 50 to 99.8% by weight of the
acrylic polymer and 50 to 0.2% by weight of the resin

which gives adhesive property.

5. A composition as claimed in any of Claims 1 to

4, which includes, as the resin which gives adhesive property,

an alkylphenol resin, coumarone-indene resin, polyterpene
resin, rosin resin, petroleum resin, polyvinyl ether resin,
terpene phenol resin, xylene resin, epoxy resin, polyester

resin, polyimide or polyamide.

6. A composition as claimed in any preceding claim,
wherein the acrylic polymer has a weight average moleclar
weight of 300,000 to 1,200,000.

7. A composition as claimed in any preceding claim,
wherein the polymer or mixture (a) or (b) has a glass trans-

ition temperature of -65 to -30°C.

8. A composition as claimed in any preceding claim,
wherein the polymer or mixture (a) or (b) has an elastic
modulus of 0.2 to 30 kg/cm?.

9. A composition as claimed in any preceding claim,
which also contains an anionic, cationic or nonionic sur-
factant in an amount of 0.01 to 5 parts by weight per 100

parts by weight of the main component.

10. A process of obtaining a metal powder molding which
comprises preparing a solution in an organic solvent of
a composition as claimed in any preceding claim and a pou;
dered metal, kneading it into a mold, evaporating the sol-

vent, and rolling it into shape.
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